Abstract-The purpose of this paper is to extend the ELECTRE method based on intuitionistic fuzzy sets in decision analysis and experimental analysis on the proposed methods' contradiction rate. We identify different kinds of concordance and discordance sets, e. g. concordance, midrange concordance, weak concordance, discordance, midrange discordance and weak discordance for each ordering at the proposed methods. An experimental analysis of intuitionistic fuzzy ELECTRE methods is conducted with discussions on contradiction rate. The proposed methods' contradiction rates are lower than other MCDM methods according the simulation results, and they have a decreasing trend with the number of attributes.
INTRODUCTION
Multiple criteria decision making (MCDM) method is one of the most widely used decision methods in different fields, such as sciences, engineering, business and government management, etc. The typical MCDM problem is concerned with the ranking order of decision alternatives. Different MCDM methods may have different answers on the same problem.
The Elimination et Choice Translating Reality (ELECTRE) method is one of the MCDM methods, and famous with its outranking relations. ELECTRE methods are modeled using binary outranking relationships. The relationship is built by the decision maker and does not need to be transitive; the weights of all criteria are also given by the decision maker according to their importance. The decision makers, for the most part, do not provide preference ranking information. In real world cases, exact values may be difficult to be precisely determined since decision makers' judgments are often vague. That is the main reason that we further extend the intuitionistic fuzzy set (IFS) with ELECTRE method to develop a new method for solving MCDM problems.
IFS characteristics simultaneously consider the degree of membership, non-membership, and the intuitionistic index, and the IFS can be used to describe uncertain situations in decision making problems.
Most of papers extended the IFS with ELECTRE method to solve the MCDM problems [3, 5, 6 ], but few of papers test those methods' reversal rate. Marbini and Tavana [3] proposed the fuzzy ELECTRE I method to take into account the uncertain, imprecise and linguistic assessments provided by a group of decision makers. Vahdani and Hadipour [5] proposed an interval-valued fuzzy ELECTRE method to solve a maintenance strategy selection problem with imprecise information, and the criteria weights are linguistic terms which be expressed in interval valued fuzzy numbers, and those weights are unequal. The proposed method can also for solving MCDM problems. Vahdani, Jabbari, Roshanaei and Zandieh [6] proposed an ELECTRE method with interval weights and data to solve MCDM problems, and applied the proposed method to select the best supplier in this paper.
In this paper, we proposed the intuitionistic fuzzy (IF) ELECTRE method and to experiment with this proposed method on its contradiction rate. The definition of contradiction rate is that the proposed method should not change the indication of the best alternative when a non-optimal alternative is replaced by another worse alternative. If the best alternative changed by a non-optimal alternative with the same method, then we said that the ranking contradiction of the best alternative has occurred. In this study, MATLAB computer program is written for the simulation of the test of contradiction rate with proposed methods, and a total of 150 different cases were examined with 1000 randomly generated decision problems per case.
The remainder of this paper is organized as follows. Section 2 introduces the ELECTRE method based on IFS, the construction of the IF decision matrix, and concordance and discordance sets with IF data and the proposed method's algorithm. Section 3 introduces the simulation, test criterion, simulation implement and its result. Section 4 consists of discussion and concluding remark.
II. ELECTRE METHOD BASED ON IFS

A. Atanassov's intuitionistic fuzzy set
In this section, IFS, the construction of the IF decision matrix and IF ELECTRE methods' algorithm are introduced and used throughout the paper. Based on the definition of IFS in Atanassov's 1986 study [1] , we have:
x x x = be a finite universal set. IFS A in X is defined as an object of the following form:
where the functions
∈ define the degrees of membership and non-membership, respectively, of the element j x X ∈ to the set A X ⊆ , and for every j x X ∈ , 0
We refer to
as the intuitionistic index of the element j x in the set A , which is the degree of indeterminacy membership of the element
Definition 2
The operations of IFS [1, 2, 4] are defined as follows: for two of ,
( , ) d A B is the normalized Euclidean distance between A and B, which is proposed to measure the difference between them.
B. Construction of the IF decision matrix
An MCDM problem can be expressed in a decision matrix whose element indicates the evaluation or value of the ith alternative i A with respect to the jth criterion j x . Let X be the discussion universe containing the decision criteria in the MCDM problem setting. The set of all criteria is denoted as
The 
Because all criteria cannot be assumed to be of equal importance, a set of grades of importance W is given by the decision makers. IFS W in X is defined as follows:
where 0 
C. Concordance and discordance sets with IF data
We can use both the score and accuracy function to classify the concordance and discordance sets, but we only use the concept of score function initially to classify the concordance and discordance sets. Their definitions are as follows.
Definition 3
The concordance set kl C is defined as
Definition 4 The weak concordance set
Definition 6
The weak discordance set kl D′ is defined as
If we more consider the hesitancy degree of the IF value, then using the concepts of score function and accuracy function, the definitions of the concordance and discordance sets will be different. 
Definition 10 The discordance set kl D is defined as
Definition 12 The weak discordance set
We use the concordance and discordance sets to calculate concordance and discordance matrices and use the proposed IF ELECTRE method to determine the aggregate dominance matrix. We then choose the best alternative.
D. IF ELECTRE method
In the IF ELECTRE method, we first utilize the concept of score function for its simple logic to select the better alternatives; then we reconsider one more factor, the accuracy function, and use the both concepts of score and accuracy functions to select the better alternatives. In the IF ELECTRE method, we classify the concordance sets as the concordance and weak concordance sets with the concepts of score function, and the discordance sets can also be classified as the discordance and weak discordance sets. The IF ELECTRE method with hesitancy degree is the proposed method and has one more function used for comparison: the accuracy function. In the IF ELECTRE method with hesitancy degree, concordance sets can be classified as the concordance, midrange concordance, and weak concordance sets, and the discordance sets can be classified as the discordance, midrange discordance, and weak discordance sets based on the score and accuracy functions. The IF ELECTRE method is described as follows.
The IF ELECTRE method is an integrated IFS and ELECTRE method with evaluation information. The relative value of the concordance set of the IF ELECTRE method is measured through the concordance index. The concordance index is equal to the sum of the weights associated with those criteria and relations that are contained in the concordance sets. Therefore, the concordance index kl g of the IF ELECTRE method between k A and l A in this paper is defined as:
where C w and ' C w are the weights of the concordance and weak concordance sets, respectively, and j w is the weight of the criteria that are also defined in (5). 
where the maximum value of kl g is denoted by * g , which is the positive ideal point.
The discordance index of the IF ELECTRE method is defined as follows:
where ( , ) 
where the maximum value of kl h is denoted by * h , which is the negative ideal point. The concordance dominance matrix K is defined as follows: 
where 
where T is the final value of the evaluation. All alternatives can be ranked according to k T . The best alternative * A , which is simultaneously the shortest distance to the positive ideal point and the farthest distance from the negative ideal point, can be generated and defined as follows:
where * A is the best alternative.
The further steps of the IF ELECTRE method with hesitancy degree are the same as those in the IF ELECTRE method, we don't describe all the detail on IF ELECTRE method with hesitancy degree, and the entire IF ELECTRE method algorithm is defined below.
E. Algorithm of IF ELECTRE method
The algorithm and decision process of the IF ELECTRE method can be summarized in the following eight steps (The algorithm of the IF ELECTRE method with hesitancy degree is also using the same logic of IF ELECTRE method).
Step 1. Construct the decision matrix with evaluative information: the decision makers should give data either as IF values or as compared information between different alternatives. This step is divided into the following three steps.
Step 1-1. Choose the relevant criteria and non-inferior alternatives: these criteria can be chosen based on the problem, i.e., different MCDM problems should have their own criteria, and most of them can be divided into subjective and objective criteria. The decision makers should identify potential alternatives.
Step 1-2. Receive a set of grades of importance for the decision criteria. The criteria weights are defined in (5), and Step 1-3. Construct the decision matrix: the decision makers should construct the IF decision matrix M with cardinal information using (4).
Step 2. Identify the concordance and discordance sets: utilize the concepts of score function to distinguish the different kinds of concordance and discordance sets in the IF ELECTRE method. We can find kl C , ' kl C , kl D , and kl D′ for pair-wise comparisons of alternatives using (6) -(9) D for pair-wise comparisons of alternatives using (10) -(15).)
Step 3. Calculate the concordance matrix G : the concordance matrix index is the operational result of different kinds of concordance sets and their weights, which are defined in (16) and (17).
Step 4. Calculate the discordance matrix: the discordance matrix index is the operational result of different kinds of discordance sets and their weights, defined in (18) and (19).
Step 5. Construct the concordance dominance matrix K : the concordance dominance matrix index is the difference between the maximum index of the concordance matrix and its own index, defined in (20) -(21).
Step 6. Construct the discordance dominance matrix L : the discordance dominance matrix index is the difference between the maximum index of the discordance matrix and its own index, which are defined in (22) -(23).
Step 7. Determine the aggregate dominance matrix R : the aggregate dominance matrix is constructed from the indices of the concordance and discordance dominance matrices, which are defined in (24) and (25).
Step 8. Choose the best alternative: calculate the final value of evaluation using (26) and (27). The ranking order of all alternatives is generated, and the alternative with the maximum value is the best alternative.
III. SIMULATION
There are a lot of methods for solving MCDM problems. As we know that it could be different on ranking order with same information (evaluation) by using different methods, even in the same method that just replace that worse case without change other data, then that first priority will be changed [7] . That is not prospective for decision maker to apply those kinds of methods for their higher contradiction rate during decision process. There is the reason that we simulate different kinds of cases and check the proposed methods' contradiction rate and the criterion of contradiction rate definition as follows.
A. Test criterion of contradiction rate
Test criterion of contradiction rate: The proposed method should not change the indication of the best alternative when a non-optimal alternative is replaced by another worse alternative. For example, the proposed method has ranked a set of alternatives in some way. Then, suppose that a non-optimal alternative randomly selected to be replaced by another alternative which is less desirable than the original non-optimal alternative, and without changing rest of the other data. Finally, according to the test criterion of contradiction rate that the indication of the best alternative should not change when the alternatives are ranked again by the proposed method. In other words, if the ranking of a set of six alternatives is equal to (5, 1, 4, 2, 6, 3) (i.e., 5
A is the best alternative) , for example, based on the proposed method and then the computer program (designed by decision maker) replaced a non-optimal alternative ( 1 A for example) by another worse alternative. Finally, the ranking order is equal to (1, 5, 4, 2, 6, 3) based on the same method, and then a case of a ranking contradiction of the best alternative has occurred.
B. Implementation
• The computational experiments implemented with MATLAB computer program in this paper. The MATLAB computer program is written to generate random data and to solve MCDM problems with the possible combinations of criterion and alternatives.
• For the test of contradiction rate with proposed method, the number of criteria was equal to 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30 , and 32, and the number of alternative was equal to the following ten different values: 4, 6, 8, 10, 12, 14, 16, 18, 20 and 22. Then, a total of 150 different cases were examined with 1000 randomly generated decision problems per case in this study.
C. Result
The simulation results of the proposed methods, IF ELECTRE method and IF ELECTRE method with hesitancy degree, as follows (Table 1, The contradiction rates of the proposed methods are lower than other MCDM methods according the simulation results. Fig. 1 shows the contradiction rate for the best alternative using IF ELECTRE method. The contradiction rates of the alternatives 4 of attributes 6 are relatively higher than the rest for most of combination. On the contrary, the contradiction rates of the alternatives 20 of attributes 4 are relatively lower than the rest. The contradiction rate for the best alternative using IF ELECTRE method is around 0.02 to 0.08. Fig. 2 shows the contradiction rate for the best alternative using IF ELECTRE method with hesitancy degree. The contradiction rate of the alternatives 4 of attributes 4 using IF ELECTRE method with hesitancy degree is relatively higher than the rest for most of combination. On the contrary, the contradiction rates of the alternatives 16 of attributes 4 using IF ELECTRE method with hesitancy degree are relatively lower than the rest. The contradiction rate for the best alternative using IF ELECTRE method with hesitancy degree is around 0.016 to 0.07.
IV. DISCUSSION AND CONCLUDING REMARKS
In order to compare the IF ELECTRE rankings yielded by two types of methods, IF ELECTRE method and IF ELECTRE method with hesitancy degree, random problems of different sizes are generated and computed as in the simulation results. The contradiction rate of the top rank is always be concerned by decision makers. According Fig. 1, 2 , Table I , and II, both of the methods, IF ELECTRE method and IF ELECTRE method with hesitancy degree, have the same decreasing trend with the number of attributes. The contradiction rate for the best alternative using IF ELECTRE method is higher than the IF ELECTRE method with hesitancy degree.
The ELECTRE method has applied to different fields, current studies used those methods with IF data, but few of studies identified those methods' contradiction rate. The purpose of this paper is to develop the IF ELECTRE method, to solve MCDM problems with vague information. Decision makers can utilize IFS data instead of single values in the evaluation process of the ELECTRE method and use those data to classify different kinds of concordance and discordance sets to fit real life situations. Furthermore, we presented a process of the proposed method and simulated their contradiction rate. In the future, we will simulate the proposed method on different reversal rate, such as consistency rate and transitivity rate, to test this method's effectiveness.
